Closer integration between the fuselage and the propulsion system is expected for future aircraft to reduce fuel consumption, emissions, weight and drag. The use of embedded or partially embedded propulsion systems may require the use of complex intakes. However, this can result in unsteady flow distortion which can adversely affect the propulsion system efficiency and stability. This works assesses the characteristics of the unsteady flow with a view to the potential flow distortion presented to the compression system. Particle image velocimetry is used to measure the flow distortion generated by an S-shaped intake. The timeresolved tracking of the idealized relative incidence angle revealed that most frequent distortion events exhibited 90° exposure sector and up to ±5° mean relative incidence. The imposition of a thicker boundary at the S-duct inlet increased the probability of distortion events that are characterized by a longer exposure sector and higher relative incidence angles. Because of these characteristics, the distortion caused by the S-duct intake could induce instabilities that are detrimental for the propulsion system performances and stability. Overall, this work proposes a new method to assess the possible relative incidence angle on the compressor rotor taking into account the intake flow unsteadiness. . Please refer to any applicable publisher terms of use.
B. TR-PIV specifications
In the seeding chamber ( Fig. 1) , the flow was seeded with Di-Ethyl-Hexyl Sebacate particles with an average diameter of approximately 1 μm, generated with a Laskin nozzle. The measurement plane is placed 0.41Dout downstream of the S-duct exit plane (61 mm), where a dual cavity pulsed Nd:YAG laser illuminates the particles on a cross section. The images are taken by a pair of CMOS cameras placed in a stereo arrangement. The cameras featured a frame resolution of 1280 x 800 px (1MP) and a maximum straddle frame rate of 16,600 fps. The acquisition frequency is set at 4kHz, which is 10 times greater than dominant flow frequency that is around = 1.0 as predicted by the DDES simulations conducted by Gil-Prieto et al. [21] . Each TR-PIV dataset consists of 20,000 instantaneous velocity snapshots, which are sufficient for the convergence of the out-of-plane velocity component and its standard deviation to within 0.2% and 0.4% respectively [17] . The cameras have a pair of AF 1.8/D Nikkor lenses with a focal length of 60mm. A single plane calibration target was traversed axially to correlate the pixel shift into a physical displacement. The velocity fields are obtained with a direct correlation method and a recursive multi-pass window approach. The initial window size was set at 128 x 128 px and the final pass was set at 32 x 32 px, with a window overlap of 50%. The cameras captured the flow with a vector resolution of 0.0153Dout (2.3mm) in both directions across the AIP. Only the data within < 0.95 is considered in this analysis, in order to remove the influence of spurious vectors near the domain boundaries caused by laser light reflections. This results in a total of approximately 2900 vectors across the AIP. The disparity correction reduced the bias errors due to misalignment between the laser light and the calibration plate. The estimated uncertainty with the method described by Raffel et al. [22] is 2.6% of the area-averaged, time-averaged out-of-plane velocity at the AIP.
C. Notional assessment of relative frame of reference distortion
Much of the previous computational and experimental work focused on the assessment of intake flow distortion for a range of geometries [23, 24, 17] as well as for the effect of various flow control methods [25, 26, 20, 16] . Although some experimental studies have included a rotating compression system in conjunction with either prescribed distortion or a complex intake [19] , the measurements of the unsteady distorted flow fields for these cases are very limited. The body of work on canonical test cases such as S-ducts with circular cross sections has typically evaluated the steady and unsteady distortion in an absolute frame of reference. This has been within the context of the related industry standard metrics which are also based on an absolute frame of reference. It is acknowledged that there is an interaction between the compression system and the distortion which arises from the complex intakes [16] . In particular for a typical transonic fan and spinner the local acceleration and massflow redistributions will tend to reduce the swirl angle unsteady distortion. However, the previous studies using TR-PIV provided rich measurement data sets which quantified the detailed unsteady characteristics of the absolute velocity distortion [17] for intakes in the absence of the compression system. Consequently, it is of interest to evaluate the distortion from the potential perspective of the rotating machinery and in the relative frame of reference. This is possible with the TR-PIV data which provides synchronous 3 components of velocity across the AIP with sufficient temporal resolution. Within this context, one of the aims of the current work is to make an evaluation of the complex unsteady velocity distortion in a hypothesized relative frame of reference. For the example here, the analysis is based on the established Rotor 67 configuration [18] .
The velocity data captured with TR-PIV is converted in the relative frame of reference of the compressor rotor to investigate the characteristics of the relative incidence angle. The compressor geometry is downscaled to the rig configuration (Dout = 150mm) and the rotational speed has been modified to conserve the same ratio between the axial and tangential velocity of the original rotor design for a mid-span position. This preserves the ideal relative flow angle at the nominal rotor inlet, and yields an axial velocity to rotor speed ratio of / = 0.798 and an axial Mach number of M = 0.18. 2 shows a sketch of the nominal velocity triangles for the hypothesized rotor inlet condition. The dashed lines represent the velocities for ideal axial flow at the inlet, where is the absolute velocity, is the rotational velocity, is the relative velocity and is the relative flow angle. The continuous lines represent the velocity triangle in the case of a local swirl distortion arising from just a change in the tangential velocity ′. In Fig. 2 , is the absolute swirl angle, ′is the absolute velocity, is the rotational velocity, ′is the relative velocity and ′is the tangential component of the absolute velocity ′. The relative velocity is:
where is the rotational speed of the rotor and the radius. The relative flow angle in case of swirl distortion is: ′ = tan −1 ( ′/ ′) where ′ is the tangential component of the velocity vector and ' is the axial component of the absolute velocity ′. The relative incidence angle on the rotor blades is the difference between the relative flow angle and the inlet metal angle of the rotor (dash-dot line in Fig. 2 
D. Exposure time, intensity and probability of distortion events
The TR-PIV dataset consist in 20,000 instantaneous velocities fields taken with an acquisition rate of 4 kHz. The aim of this work is to assess the flow distortion from these datasets for the hypothesized evaluation in terms of the relative incidence for R67. The flow distortion is measured in a relative frame of reference and is characterized by temporal variations across a range of frequencies and spatial variations across a first order range of length scales. From the perspective of the rotating compressor blades it is necessary to also consider a variety of time-scale and space locations relative to the unsteady S-duct flow distortion. For example, for a nominal rotor rotating around the annulus it will experience different levels of flow distortion at different azimuthal positions all of which are also changing in time. Therefore the level of unsteadiness onto the nominal rotor leading edge will depend on both the rotation speed of the rotor, the unsteady variations in the flow distortion and the spatial extent and severity of the distortion. The distortion for a nominal rotor as it rotates around the annulus will depend on the nominal starting position within the duct as well as the nominal starting time relative to the unsteady distortions. Therefore, it is necessary to evaluate the distortion for each potential azimuthal position of each rotor within the blade row relative to the full unsteady flow measurements which encompass the equivalent of several hundred rotations of the rotor. Clearly, for each rotor, the unsteady distortion will also be different across the rotor from the hub to tip positions. The nature of the TR-PIV data which provides synchronous three component velocity fields across the AIP at a sufficient temporal resolution enables all of these factors to be assessed for the first time. Conventional unsteady total pressure measurements on fixed rakes cannot provide this information. Similarly, unsteady data from typical five-hole probe devices do not provide the required synchronous spatial resolution to enable such an evaluation. Within this context, the R67 has a set of 22 blades and for the equivalent condition scaled to the current rig flow coefficient ( / ), the idealized rotation speed is 14754 rpm, with a 1EO frequency of about 245 Hz. This means that the compressor rotor virtually performs more than 1200 revolutions within the total acquisition time of the TR-PIV dataset. The acquisition frequency of the TR-PIV is at = 4 kHz, therefore the time step between two successive snapshots is Δ = 1/ = 0.25ms. Therefore, for a rotor blade 0 positioned at the reference angle 0 =0° at the time 0 , at the time 1 = 0 + Δ = 0.25ms, the blade will be at:
where is the rotor speed in rad/s. The rotor speed is kept constant, therefore at snapshot 2 = 2Δ = 0.50ms, blade 0 will be at 0 ( 2 ) = 44. 2 . This is illustrated in Fig. 3 which shows the blade rotation for 3 PIV snapshots where the flow distortion in terms of relative incidence is also changing in time and spatial distribution. The distribution of the relative incidence angle across the rotor inlet highlights the unsteadiness of the incidence angle between different moments in time ( Fig. 3 ). The variability of the incidence angle on the rotor blades depends on the time at which the relative incidence is measured and the circumferential position of the blade in the time instant. This time-coupling between the virtual rotor rotation and the TR-PIV dataset considers both the sources of variability.
Fig. 3: Time coupling between the TR-PIV dataset snapshots and the virtual rotation of the compressor rotor.
The tracking of the relative incidence angle has been performed separately for different radial positions. Analogous with the swirl distortion descriptor definitions [3] , the fluctuations of the incidence angle are classified as distortion events. Each distortion event is described by two quantities: the exposure time and the magnitude (Fig. 4 ). The exposure time ( ) is defined as the period of time between two changes of sign of the incidence angle. Thus, it represents the effective duration of the distortion event in the relative frame of reference for the particular tracked rotor. In other words, it represents what the individual rotor blade experiences during the particular rotation relative to the start of the unsteady data. On the other hand, the magnitude can be quantified either with the mean (〈 〉 ) or with the peak value ( , ) of relative incidence angle within each distortion event. Thus, it quantifies the intensity of the distortion event and, from a mechanical stress perspective, an aspect which affects the potential changes in blade loading.
Fig. 4: Classification of the distortion events by the change in sign of the incidence angle.
Some steps were taken to maximize the spatial and temporal resolution of the time coupling scheme between the rotor and the TR-PIV dataset. Although the relative incidence tracking has been highlighted for just one blade ( Fig.  3) , it applies for all the blades of the rotor. The position of each blade is defined at any instant in time as ( ), where is a generic time step of the TR-PIV dataset and identifies a generic blade. Thus, the relative incidence can be evaluated for each blade as a function of:
( ) is the circumferential position of the n-th blade in the velocity field, is the radial coordinate and = [0, ] with the total number of blades. This increases the number of samples by a factor equal to the number of blades. For example, in this work, the number of samples of relative incidence considering only one blade and one radial position 0 ( , / = 0.85), is 20,000, which is the number of instantaneous velocity snapshots in the TR-PIV dataset. Instead, considering all the 22 rotor blades [18] at one radial position ( , / = 0.85), the number of total samples increases to 440,000.
However, some distorted regions which are measured with the TR-PIV could still be omitted in this analysis. For example, if a distorted region is located within the blade pitch (Δ = 16.3°) in snapshot 1 (Fig. 5a ), it would not be captured by measuring the relative incidence angle on adjacent blades at that moment in time. More importantly, it could happen that this event would not be captured in the successive snapshot neither. This could happen if the distortion region persists in the same location in the next time step ( Fig. 5b ) and it does not coincide with any of the angular position of the blades. Alternatively, it could happen that the distortion region moves circumferentially with a speed very close to the rotor and therefore it will be located always in the non-evaluated part of the blade pitch region (Fig. 5c ). Or, finally, it could happen that the distorted region that is in-between the blade pitch at snapshot 1 fades out in snapshot 2 (Fig. 5d ). In all these cases, the distorted region is not captured by the time coupling scheme.
Fig. 5: Distortion events within the blade pitch and between successive time steps.
However, the distorted region of Fig. 5a is captured by the TR-PIV dataset. It is possible to determine that a different azimuthal position of the rotor at snapshot 1 will make at least one of the blades to coincide with the distortion region ( Fig. 6 ). This can happen with a different starting position of the rotor at the beginning of the TR-PIV acquisition, bearing in mind that the alignment of the rotor initial position is arbitrarily set relative to the temporal start of the TR-PIV acquisition. Therefore, to get a more statistically representative dataset of the potential flow distortion from the perspective of a full rotor set, the rotor has been clocked within a range of angular offset angles within Δ ℎ = 16.3°. The number of the clocked positions has been defined by the coarsest angular grid resolution of the TR-PIV acquisition at the blades tip (2.3 x 2.3 mm), which corresponds to an angle of Δ = 1.75°. This equates to Δ ℎ /Δ ≈ 9 clocking positions. With this construction, the set of clocked Rotor 67 (22 blades) is equivalent to a 206 blade instances and the total number of samples of incidence angle at one radial position ( , / = 0.85) is increased from 440,000 to about 4.1 million.
Fig. 6: Clocking positions of the rotor to increase the spatial resolution and improve the distortion events detection.
This benefits both the temporal and the spatial resolution, firstly because of the different starting position of the rotor at the beginning of the TR-PIV acquisition, and secondly because of the increase resolution within the blade pitch. Nevertheless, this work presents some limitations. Firstly, this work considers an envisaged relative frame of reference for Rotor 67. The data is captured at the outlet of the S-duct intake with clean flow without the rotor geometry 9 placed in the section. Thus, there is no flow interaction between the rotor blades and the S-duct outlet flow. In addition, only the data in the hub-to-tip annular sector ( > with = 0.372) is considered to compute the incidence angles. Secondly, the detection of the distortion events is limited by the sampling frequency of the TR-PIV ( = 4 kHz). All the distortion events that happen in between the TR-PIV time steps 0 and 1 (Fig. 5) are not captured. The minimum exposure time for distortion events is defined by the Δ = 1/ = 0.25ms. For distortion events that are captured at time 0 and that disappear in 1 (Fig. 5a-d ), this study is not able to determine the real physical time of the event, which could be any time interval between 0 and Δ = 0.25ms. In these cases, the exposure time associated with these distortions is set at Δ = 0.25ms. Finally, only the events with an associated frequency between 0.18 and 2.6 Strouhal number have been included in the analysis, based on the reviewed work on the engine stability assessment presented in the introduction chapter. The outcomes of the studies showed that the instabilities are caused by disturbances that have an associated frequency between 0.3 EO ( = 0.18) and the passing frequency of a 5-blade-sector ( = 2.6). Therefore, prior to the analysis on relative incidence angle, the velocity data has been processed with a bandpass digital filter that has been designed with a 12 th order Butterworth function. This ensures that only the frequencies of interest for the engine stability assessment are taken into account in this analysis.
III. Results

A. Flow field in the relative frame of reference
In this section the time-averaged, area averaged velocities at the AIP and incidence angle on R67 are presented (Fig. 7) . The velocities are normalized by 〈 ′ 〉 ̅̅̅̅̅ , which is the time-averaged area-averaged out-of-plane velocity at the AIP. The core of the domain has been cropped for < to focus on the nominal blade span of R67 only [18] . The out-of-plane velocity component ( ′ , Fig. 7a ) shows the typical loss region at the bottom of the section identified in the work of Zachos et al. [12] with a low-bandwidth PIV data on the same high-offset S-duct. The maximum values of the time-averaged out-of-plane velocity component ( ′ , Fig. 7a ) are in good agreement with the range of velocities previously identified in Gil-Prieto et al. [14] for an inlet Mach number of 0.27. The tangential velocity ( ′ , Fig. 7b ) primarily highlights the vertical movement of the secondary flows that are generated within the S-duct. The streamlines highlight the pair of contra-rotating Dean vortices [27] typical of curved ducts. The tangential velocity is one order of magnitude smaller than the out-of-plane component. Thus, the associated time-averaged swirl angle ( Fig. 7b ) ranges between ±8°.
In the relative frame of reference of the modified R67 configuration, the relative tangential velocity ( ′ , Fig. 7c ) has a positive bias in the relative time-averaged tangential velocity, since the rotational speed of the rotor is one order of magnitude greater than the tangential velocity ′ . The gradient of the relative tangential velocity ( ′ , Fig.  7c ) reflects the natural radial gradient of the rotational speed of the rotor. The contra-rotating pattern of the tangential velocity ′ influences just marginally the time averaged relative tangential velocity. The incidence angle ( , Fig. 7d ) has been computed between the relative flow angle ′ and the nominal metal angle of R67 ( , Fig. 2) . The time-averaged contour shows a zone of negative relative incidence in the right part of the domain and a peak of positive relative incidence in the close-to-hub lower half of the domain. The first corresponds to an area with a relatively high axial component ( ′ , Fig. 7a ) and a modest relative tangential velocity ( ′ , Fig. 7c ), which produce a reduction in the relative flow angle ( ′ , Fig. 1 ) and a consequent negative incidence tendency. The second, instead, corresponds to an area with an axial component ( ′ , Fig. 7a ) that is lower than the relative tangential velocity ( ′ , Fig. 7c ). This produces an increase of the relative flow angle ( ′ , Fig. 1 ) and a consequent positive incidence tendency. The distribution of the incidence velocity across the AIP highlights the possible flow compatibility issues between the curved intake and the rotor compressor. During the revolution, the rotor blades experience several changes of incidence that could reduce the compressor performances and excite the vibrational response of the rotor [28] . Recent studies showed that vortex-induced swirl events could cause a substantial reduction in the compressor total pressure ratio [29] . The areas that are subject to off-design conditions are visible in the time history of the blade incidence angle (Fig. 8 ). Different situations are highlighted in Fig. 8 at the locations a) , b) and c). At the position a), the incidence angle is biased negative across all the blade, therefore, the blade loading is decreased in comparison to the design point. At the position b), the incidence angle is close to 0°, so the blade loading is likely to be increased. At the position c), the incidence angle is positive near the hub while it is negative near the tip, so the blade is experiencing a nonuniform blade loading. Only 3 of the over 1200 revolutions are shown in the time history sample for 1 blade. Despite the relatively small time period, wide fluctuations by up to ±24° are recorded. 
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B. Distortion events identification
The tracking of the relative incidence angle has been performed for tip (r/R = 0.85) and hub (r/R = 0.51) radial positions with the time-coupling scheme explained in Fig. 3 . Separate distortion events were detected with the change of sign of the relative incidence angle during the blade rotation ( Fig. 4) . Each event is classified with two variables: the exposure time ( ), which is the time the event persists on the blade during the rotation ( ), and the magnitude, which can be either the mean or the peak value within the exposure time (〈 〉 and , , Fig. 4 ). This identification allows to represent the data in a Cartesian grid in which the exposure time is on the horizontal axis and the mean or peak value are in the vertical axis (Fig. 9 ). The resolution of the exposure time is set by the rotation angle between two successive TR-PIV snapshots (Δ = 22.1°). Therefore, this sets the horizontal grid spacing of the exposure maps (Fig. 9) . The mean and peak value of the incidence angle is interpolated in steps of 1°, which sets the vertical grid spacing of the maps. Thus, the distortion events that are identified in the TR-PIV dataset populate the grid depending on the magnitude and the exposure sector. In the exposure maps, the probability of the events is computed by enumerating all the events characterized by the same magnitude and exposure sector. The value is then normalized by the total number of distortion events that are shown in the map. The wide range of probabilities is covered with a logarithmic probability color scale. The boundary between event detection-no detection in the exposure-magnitude plane is delimitated with the dashed line (Fig. 9 ). The total number of distortion events that are detected over 1200 rotor revolutions, considering the rotor clocking construct ( Fig. 9 ), is 1.3 million for the tip position (r/R = 0.85) and 0.9 million for the hub position (r/R = 0.51) approximately. Fig. 9 , for a position close to the tip (r/R = 0.85), the value of the mean relative incidence angle perturbations is between -30° and +15°. The bias towards a negative value can be explained with the time-averaged distribution of the incidence angle ( Fig. 10) , which features a well-defined negative angle zone in the right hand side of the measuring plane. In particular, at the position a), the events are characterized with a mean incidence of -13° and exposure of about 120° and they may be related to the rotation of the blade in the negative loading sector shown in the timeaveraged relative incidence (Fig. 10) . The events in a) ( Fig. 9) is characterized by a probability of 0.5% of the total distortion events of the TR-PIV dataset at r/R = 0.85. Moreover, it is characterized by an important deviation from the nominal incidence on the rotor blades. Therefore, it could cause a notable reduction of the compressor performances and trigger instabilities in the form of flow separations on the blades. On the other hand, the high probability events with positive incidence at b) ( Fig. 9 ) can relate to the flow separation caused by the secondary bend of the S-duct intake. This is visible in the top section boundary in out-of-plane velocity component (Fig. 7a ) and it is reflected in the time-averaged incidence angle distribution (Fig. 10) . The peak event probability at the same radial position (r/R = 0.85 - Fig. 9 ) shows a range of peak events between +14° and -34°.
At the hub (r/R = 0.51, Fig. 9 ), there is more balance between the probability of positive and negative incidence angle of the events. This is visible both in the mean and the peak incidence probability map ( Fig. 9 ). However, traces of highly probable negative incidence events are still visible at location c). These feature an exposure sector of 120° to 180° and a mean incidence of -9°. Therefore, it is theorized that these events could happen simultaneously all over the inner and outer radial span of the blade and they could cause a synchronous disturbance to the compressor rotor. Overall, the most frequent events are characterized by incidence angles of ±1° to ±5° and exposure between 0° and 90°.
Generally, the exposure maps show that the most probable events are characterized by a relatively modest relative incidence angle. However, of particular interest for the engine stability assessment are the peak events, which could trigger the spike-type stall inception. Recent studies highlight the trend between the variation of the relative incidence and the associated variation in the compressor pressure ratio [29] . For example, positive incidence events are likely to change the operating point of the compressor towards a higher pressure ratio and consequently to reduce the surge margin. Although some of the peak events are characterized by a relatively small exposure sector, some of the blades were exposed to high peak incidence events along exposure sectors of more than 360°. This events could be related to the unsteady switching mode observed by Gil-Prieto et al. [17] , which is characterized by an oscillation between positive and negative bulk swirl events. 
13
C. Effect of inlet boundary layer thickness on distortion events
A gauze screen placed at section 3 (Fig. 1 ) was used to increase the inlet boundary layer from nominal conditions (δ/Din = 0.04) to Profile A (δ/Din = 0.332). The flow asymmetry caused by the increased boundary layer thickness does not affect the general flow topology of the out-of-plane velocity and the tangential velocity ( Fig. 11a-b ). However, the thicker boundary layer produces an early separation in the S-duct which produces a growth of the contra-rotating vortices at the AIP (Fig. 11b) . The mass flow non-uniformity favors the downward pitching flow of the S-duct which strengthens the secondary flows ( Fig. 11b ) and accentuates the momentum non-uniformity at the AIP (Fig. 11a) . The tangential component of the relative velocity remains broadly unaltered (Fig. 11c) , since it is mainly influenced by the rotational speed of the rotor. With the inlet Profile A (δ/Din = 0.332), the time-averaged relative incidence angle (Fig.  11d) shows more pronouncedly the areas of positive and negative incidence of the baseline case (Fig. 10) . The peak time-averaged value increases from the range [-6°, +4°] to [-9°, +7°]. In general, the exposition of the S-duct to a thicker inlet boundary layer (Profile A, δ/Din = 0.332) increased the probability of distortion events that are characterized by longer exposure sector (Fig. 12 ). This is noticeable by comparing the magnitude and exposure sector of high probability events with the baseline inlet boundary layer ( Fig.  9 ). For example, 2% of the total detected events at r/R = 0.85 have an exposure sector within 0° to 180° (Fig. 12 ), while events with the same probability and same r/R = 0.85 have an exposure sector between 0° and 120° for the baseline inlet condition ( Fig. 9 ).
Relative to the nominal inlet boundary layer, the thicker boundary layer (Profile A, δ/Din = 0.332) has a relatively minor effect on the extreme mean values of the events (Fig. 12 ), which range between -32° and +14° at tip (r/R = 0.85) and between -35° and +33° at the hub (r/R = 0.51). These are broadly unaffected if compared to the incidence values for the same radial positions with the baseline inlet condition (δ/Din = 0.04, Fig. 9 ). However, there is a notable change in the events boundaries for relatively long exposure sectors. At the hub (r/R = 0.51, Fig. 12 ), the range of the mean value of events with 360° exposure sectors increases from [5°,-8°] to [12°,-10°] relative to the baseline inlet boundary layer (δ/Din = 0.04, Fig. 9 ).
The thickness of the boundary layer influenced the probability of peak distortion events which are characterized by a relatively high exposure sector (i.e. bulk swirl events) and positive incidence. For example, at the tip (r/R = 0.85, Fig. 12 ) the probability of events with +10° peak incidence doubled from 1/1x10 6 to 1/5x10 5 relative to the baseline case (δ/Din = 0.04, Fig. 9 ). The same effect is noticeable for the hub position (r/R = 0.51, Fig. 12 ), where the probability of events with +10° peak incidence and 360° exposure sector increased from 1/1,000 to 1/200 relative to the baseline case (δ/Din = 0.04, Fig. 9 ).
The increase of the inlet boundary layer thickness produced also specific high-probability events which are highlighted at positions a) and b) (Fig. 12 ). The negative incidence events at a) feature a probability up to 1% and they are contained within an exposure sector of 120° to 210°, which is a wider range compared to the nominal inlet case (Fig. 9, position a) . The magnitude of these events varies between -12° and -13°, which is broadly unaltered if compared to the nominal inlet case. A symmetric location on the map (Fig. 12, position b) highlights also highly probable events with a positive incidence angle. These events have probability up to 1%, exposure sector between 150° to 180° and mean incidence values contained within +8° to +10°. 
D. Effect of inlet boundary layer orientation on distortion events
To represent inlet conditions of an intake under angles of pitch and yaw [30] , the azimuthal orientation of the inlet flow Profile A (δ/Din = 0.332) was varied starting from the high pressure loss region at bottom dead center ( = 0°) to angles of = 45°, 90° (Fig. 13) .
The rotation of the screen by = 45° produced an increase of the number of positive incidence angle events in comparison with the baseline case ( = 0°, Fig. 14) . The maximum mean relative incidence angle increased from +13° up to +20°, while the minimum mean incidence remained constant at about -30° in comparison with the baseline case ( = 0°). The increase of positive incidence events is also noticeable in the peak incidence map for = 45°, where positive boundary increased from +14° to +20° relative to the = 0° orientation. While the maximum magnitude of the events increases, on the other hand, the exposure sector associated with these events decreases. For = 45°, the maximum mean incidence event has an associated exposure sector of 60°, which is approximately half of the exposure time for the maximum mean event at = 0° (Fig. 14) . When the screen is rotated by = 90°, there is a modest reduction of the maximum mean and maximum peak values of the events, accompanied by a noticeable reduction of the maximum exposure sector. The event with the highest mean incidence reduced from +20° to +18° if compared with the screen oriented at = 45°. For = 90°, less than 1/1x10^6 events are characterized by an exposure sector wider than 360°.
Overall, the inlet boundary layer orientation has a weak influence on the most probable events, which are contained in a region between ±5° mean incidence and an exposure sector up to 180°. However, when the inlet boundary layer is oriented at = 90°, 5% on the total number of identified events at r/R = 0.85 have a exposure sector of 120° and a mean negative incidence of about -5° (position a, Fig. 14) . In addition, 0.2% of the events can have a peak value of +7° over an exposure sector up to 240°. Although the magnitude of these event is low compared to the maximum mean and peak values of the events at the boundaries, their high probability and their significant exposure sector could severely affect the stability of the propulsion system. This flags probable compatibility issues of the coupling between the compressor and the intake for operating conditions that are typical of high yaw and high pitch angle. 
IV. Conclusion
Unsteady measurements at the exit of an S-duct intake were acquire with Time-Resolved Particle Image Velocimetry, which provided non-intrusive synchronous 3-component velocity measurements. The data was analyzed from the perspective of the hypothesized relative frame of reference of a reference compressor rotor. The time coupling between the rotational frequency of the rotor and the acquisition frequency of the TR-PIV kit was used to assess the hypothetical relative incidence angle on the rotor blade. Distortion events were evaluated for the virtual rotation of the rotor blades in the unsteady flow field and they were classified by means of the time the blade was exposed to the distortion event, the relative incidence of the distortion events and their probability.
For the baseline inlet boundary layer, the analysis revealed that the probability distribution of the distortion events depends on the radial position at which the incidence is evaluated. A noticeable tendency towards negative relative incidence angle events was observed at the tip. Instead, at the hub, the events were distributed more equally between positive and negative incidence. Overall, very high peaks of relative incidence up to +15° and -35° were detected.
Thicker inlet boundary layers were found to have a first order impact on the likelihood of distortion events with long exposure sector. Both the probability and the incidence magnitude of these events increased if compared to the baseline case. Instead, thicker inlet boundary layers had only a second order impact on the peak incidence events, which maximum levels are broadly unaffected relative to the baseline inlet condition. Different operating conditions of the S-duct intake were re-created by changing the azimuthal position of the inlet boundary layer. This had a modest influence on the probability distribution of the distortion events. A slight increase in the mean incidence of the extreme events and a modest reduction of the exposure sector associated with these events was observed.
Overall, this work provides some insights on the S-duct intakes flow distortion from a non-conventional perspective. The conversion of the data in the envisaged relative frame of reference provided information on the severity of the distortion events at which the rotor blades are exposed during the rotation. The classification of the events by means of their magnitude and the exposure time quantified the probability of extreme events that could generate instability to the compressor rotor.
Correction: [An assessment of the unsteady flow distortion generated by an S-duct intake]
